Objectives: To evaluate the effect of different dentine surface treatment methods on bonding of bioactive RMGI-based restorative material to dentine Methods: A total number of 25 caries-free human permanent molars were used as the bonding substrate. The occlusal enamel was removed using a low-speed diamond saw (Isomet, Buehler, USA). The selected molars were divided into 5 groups (n=5) according to the dentine surface treatment method used; saline (control), 10% citric acid (10s),17% EDTA (10s), 37% Phosphoric acid (10s) or polyacrylic acid (10s). Then, restorative material was placed to cover the exposed dentine surface following the manufacturer instructions. The hybrid/hybrid-like layer was observed using environmental field emission scanning electron microscopy E-FESEM operated in secondary electron/ back -scattered detection modes. Furthermore, the tooth/restoration interface was subjected to an elemental analysis using Energy Dispersive X-ray (EDX) and EDX mapping.
INTRODUCTION
Biomineralization and preservation of natural tooth substrate become one of the essential goals for modern restorative dentistry. Thus, several bioactive restorative materials were introduced to the field of dentistry; mineral trioxide aggregate (MTA), Tri-calcium silicates, bioactive glass and new generations of glass ionomer cements (GIC). This category of materials can influence a response from living tissue or organisms such as inducing formation of hydroxyapatite. 1 The bonding of bioactive materials to dentine facing many challenges including the presence of smear layers and excessive water content of dentine (particularly in caries-affected dentine areas). 2 Hence, the manufacturers of these recommend performing surface treatment prior to the application of the restorative materials using different conditioning agents (e.g. phosphoric or polyacrylic acids). Nevertheless, these dentineconditioning methods might remove/modify the smear layer and enhance hybridization with dentine, this theoretical assumption is not widely acceptable among researchers and academician. Actually, most of these acids might disrupt the mineral content of dentine reducing binding sites and subsequently deteriorate bonding to dentine. 3 4 Recently a new RMGI-restorative material (Activa, Pulpdent, USA) was introduced in the dental market. The manufacturer of this material claims that this restorative material shows bioactivity and excellent mechanical properties compared to silicate-based cements. 5 This material gains popularity in the United States after obtaining the FDA approval. 6 Initially the manufacturer recommends applying the material directly to dentine without any surface treatment, however, currently the manufacturing company instruct clinicians to use phosphoric acid for 10s prior to the application of restorative materials. 7 These conflicting instructions encourages us to conduct the current study to evaluate the effect of dentine surface treatment on bonding of bioactive RMGI-based restorative material to dentine. This study was designed to test the null-hypothesis of that there is no significant difference in micromorphology and chemical structure of tooth/restoration interface following application of different dentine surface treatment methods.
MATERIALS AND METHODS
Commercially available calcium silicate and bioactive RMGI-based restorative materials were used in this study (Table 1) .
Study design and specimen preparation
A total number of 50 caries-free human permanent molars were used as the bonding substrate. The occlusal enamel was removed using a low-speed diamond saw (Isomet, Buehler, USA). The teeth were stored in 0.5% chloramine T solution at 4°C and used within six months following extraction. The selected molars were divided into 5 groups (n=5) according to the dentine surface treatment method used; saline (control), 10% citric acid (10s),17% EDTA (10s), 37% Phosphoric acid (10s) or polyacrylic acid (10s). Then, restorative materials was placed to cover the exposed dentine surface following the manufacturer instructions.
Elemental analysis of restoration/tooth interface using EDX mapping
The bonded specimens were vertically sectioned through the restoration center into two halves; one half was used for elemental analysis (EDX), while the remaining section was utilized in micromorphological evaluation of tooth/restoration interface. The cut surface was wet polished with (600-, 800-, 1200-, 2400-and 4000-grit) silicon carbide papers (Microcut TM , Buehler,Lake Bluff, IL, USA) respectively, then followed by lapping with a polishing cloth using 6, 3, 1 µm diamond pastes (Diamat, Pace Technologies, Tuscon, AZ, USA). Specimens were ultrasonically cleaned in distilled water. Non-coated tooth sections were utilized in this test. The resin/dentine interface was subjected to EDX analysis with EDX software attached to a field emission scanning electron microscopy.
Micromorphological analysis of restoration/ tooth interface under SEM
The second restoration/tooth combination half was utilized in this test. Resin/dentine interface was subjected to an acid-base challenge using 10% orthophosphoric acid solution for 5s, followed by application of 5.5% sodium hypochlorite solution for 5 m. The observing surface was gold-sputter coated and observed under scanning electron microscopy operated in secondary electron/ back -scattered detection modes.
RESULTS

Elemental analysis of restoration/tooth interface
The micromorphological analysis of tooth/restoration interface showed that bioactive RMGI-based restorative material (Activa) exhibited good hybridization with dentine following surface treatment with 10% citric acid compared to saline group. The outcome of elemental analysis showed that 10% citric acid did not adversely affect the calcium content of dentine in comparison with surface treatment using phosphoric acid ( Fig.1 ) (Tables 2 and 3) . Moreover, EDX results revealed that application of phosphoric acid gel (etchant) showed a significant mineral loss in both superficial and sub-surface dentinal layers ( 
Micromorphological analysis of restoration/ tooth interface under SEM
The micromorphological analysis of tooth/ restoration interface showed that bioactive RMGI (Activa) exhibited good hybridization with dentine following surface treatment with 10% citric acid as well as, saline (Fig.3-A and 3-C) . Thick funnelshape resin tags were observed in phosphoric acid group with noticeable widening of dentinal tubule diameter ( Fig.3-B ). Conversely, thin resin tags were distinct in 10% citric acid group with normal diameter of dentinal tubules (Fig.3-A) . In saline group, several resin tags were observed and just confined within the smear layer zone ( Fig.3-C) .
Typical RMGIC bud-shape acid-resistant hybrid like layer was observed in polyacrylic acid group ( Fig.3-D) . Few tiny resin tags were noticed in EDTA group (Fig.3-E ). 
DISCUSSION
Nowadays, bioactive RMGI restorative martials are widely used in daily clinical work. This material gains popularity after obtaining the FDA approval in the United States. This study was conducted to solve the confliction about classification of this material and reduce the conflicting pre-application surface-treatment manufacturer instructions. Although, the manufacturer claims that Activa is a bioactive resin-composite restorative material, the official FDA documents reveal that this material is belong to RMGICs. The outcome of the micromorphological analysis of tooth/restoration interface supports the official classification of this material, particularly when dentine was pre-conditioned with polyacrylic acid for 10 s. The typical acid-base resistant hybrid-like layer with noticeable budding hybridization confirms the GIC nature of this restorative material. Furthermore, the formation of resin tags with 37% phosphoric acid and 10%citric acid is attributed to resin content of the material (Table  1) . 4 Therefore, Activa can be classified as a RMGIC with slightly high resinous ingredients in comparison with standard RMGICs.
Energy dispersive X-ray elemental analysis was selected in this study due to the simplicity and accuracy of the testing method. 8 In a previous study by Hamama et al, 9 it was reported that this testing method shows 93% accuracy in flat polished dentine specimens. Also, it is a user-friendly testing method which can provide detailed information about the chemical structure of tested surfaces. Furthermore, the use EDX software 'area selection' tool is considered as an accurate method in detection of minor variations in mineral content among intimately close zones (e.g. superficial and sub-surface dentine layers). In order to obtain accurate results in EDX analysis was conducted on non-coated specimens.
In the current study different dentine conditioners were used to find an appropriate dentine surface treatment method suitable for this relatively newly introduced bioactive restorative material. The ratio-nale of using 37% acid etching gel was based on the manufacturer recommendations of this material. 7 Polyacrylic acid was used in this study to evaluate the GIC nature of this restorative material. 10 The 10% citric acid was used due to its relatively higher pH (mild acidity) compared to phosphoric acid which consequently can preserve the mineral content of the tooth substrate. [11] [12] [13] Ethylene diamine tetra acetic acid solution (pH ~8) was used to evaluate the effect of application of alkaline solutions on bonding of Activa to dentine. 11 It is well-known that the presence of water plays great role in the bioactivity of the material. The water helps in crystallization. 14 Also, water acts as hosting medium which allows exchange of ions between the restorative material and tooth substrate. Accordingly, this can explain the favorable interaction of Activa with underlying smear layer after rinsing the surface with saline. The EDX outcome revealed that dentine-surface treatment with 10% citric acid did not deteriorate the mineral content of tooth substrate, especially calcium and phosphorus ions. Also, it preserves the inter-tubular dentine (avoid over etching) which can help in achieving maximum conservation of tooth substrate. The nonfavorable hybridization of bioactive RMGI with dentine following using EDTA is attributed to the interference of acid-base reaction of Activa GIC components. This also can verify the RMGIC nature of the material. It is feasible to state that each bioactive restorative material has its own unique surface treatment protocol , and there is no standard method can be used for all material. Sometime a great variation can be noticed between manufacturer's recommendations and the most appropriate surface treatment protocol for the material.
Finally, in light of the current study results, the null-hypothesis of that there is no significant difference in micromorphology and chemical structure of tooth/restoration interface following application of different dentine surface treatment methods was rejected. 
CONCLUSIONS
Surface treatment with 10% citric acid prior to application of bioactive RMGI restorative material (Activa) has no adverse effect on the mineral content of dentine and does not result in unduly widening of dentinal tubule diameter. Water plays a great role in bonding of bioactive restorative materials to dentine. These materials can directly bond to dentine after rinsing of the surface with saline. Although, bioactive RMGI restorative material (Activa) manufacturer recommends conditioning the dentine with phosphoric acid prior to insertion of materials, it is highly advisable and more conservative to use 10% citric acid
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